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(54) Surface elastic wave device having bumps in a definite area on the device and method for 
manufacturing the same 



(57) A surface elastic wave device is provided in 
which an influence of the stress based on a difference of 
the coefficients of thermal expansion between the sur- 
face elastic wave chip and a wiring substrate is reduced 
and a connection defective due to heat is prevented. 
When quartz is used for a surface elastic wave sub- 
strate (K1) and aluminum is used for the wiring sub- 
strate (52), the surface elastic wave device is 
characterized in that bumps are arranged within a defi- 
nite area (B1) in aluminum pads (input electrode pad 

B1 



(4), output electrode pad (5), and ground electrode pads 
(G1 to G8)) placed on a functional surface of the surface 
elastic wave chip (1). According to the present inven- 
tion, an area in which the bumps are formed, a film 
thickness of an aluminum pad (Al film thickness), the 
chip size of the surface elastic wave chip (1), and the 
number of the bumps are defined to a surface elastic 
wave substrate of quartz or LiTa0 3 . 
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Description 

[0001] The present invention relates generally to a 
surface elastic wave device in which a surface elastic 
wave chip is flip chip joined to a wiring substrate though 
bumps such as solder and, more particularly, to a sur- 
face elastic wave device characterized by locating 
bumps in a definite area on the surface elastic wave 
chip. 

[0002] A conventional surface elastic wave chip and a 
surface elastic wave device formed by mounting the 
chip on a wiring substrate will now be described in con- 
junction with the drawings. FIG. 8 is a plan view showing 
a conventional surface elastic wave chip and FiG. 9 is a 
cross-sectional view showing a surface elastic wave 
device in which the conventional surface elastic wave 
chip is mounted on a wiring substrate. 
[0003] In FIG. 8, a surface elastic wave chip 100 is 
composed of a surface elastic wave substrate K1 such 
as quartz and interdigital transducer electrodes 
(referred to as IDTs) 20, 30 formed on its substrate K1. 
The IDTs 20, 30 have a comb-shapsd electrode struc- 
ture, respectively, and are connected in series at a con- 
necting electrode portion 40. Further, the IDT 20 has an 
input electrode pad 21 and ground electrode pads G21 , 
G22, G23, and G24, and the IDT 30 has an output elec- 
trode pad 31 and ground electrode pads G31. G32, 
G33, and G34. Soldering bumps 22 to 27 and 32 to 37 
are formed in the input electrode pad 21 , the output 
electrode pad 31, and each ground electrode pad, 
respectively. 

[0004] A surface elastic wave device shown in FIG. 9 
was obtained such that, after a pad side of a surface 
elastic wave chip 1 00 was made to face a mounting sur- 
face of a wiring substrate 52 and bumps 22> 23, and 24 
of the surface elastic wave chip 100 were electrically 
and mechanically connected to electrode pads 91, 93, 
and 94 on the wiring substrate 52, a lid 51 was sealed 
with solder or attached by seam weld on a frame 53. 
Incidentally, other bumps of the surface elastic wave 
chip 100 are also connected to other eiectrode pads on 
the wiring substrate. 

[0005] FIG. 10 shows a surface elastic wave device 
indicated in Japanese Patent Laid-Open No. Hei 7- 
111438, in which a functional surface of the surface 
elastic wave chip 100 and a mounting surface of a wir- 
ing substrate 62 are opposed, as shown in FIG. 9. 
[0006] In order to form a space between cornb -shaped 
electrodes formed on the functional surface of the sur- 
face elastic wave chip 1 00 and the mounting surface of 
the wiring substrate 62, pads of the both are electrically 
connected with each other through bumps 22, 23, and 
24 (as with the other bumps in FIG. 8). The surface elas- 
tic wave device has a mounting structure such that, in 
order to shield the space from outside, the outer circum- 
ference of the surface elastic wave chip 100 is covered 
with an adhesive 70 including metal particles and its 
outside is encased by a solder materia! 61 . 



[0007] In the case of the surface elastic wave chip of 
FIG. 8, the area in which the bumps 22 to 27 and 32 to 
37 are placed is outspread over a wide range on the sur- 
face elastic wave substrate, so that each bump is 

5 formed separately with each other. Specifically, the 
bumps 22, 27, 32, and 37 which are near to the center 
of the surface elastic wave chip and the bumps 23, 24, 
25, 26, 33, 34, 35, and 36 which are located at the ends 
of the surface elastic wave chip and are considerably 

10 distant from its center are formed, 

[0008] In this case, when the surface elastic wave chip 
is mounted as shown in FIG. 9, there is a problem such 
that the stress is produced at the bumps of connecting 
portions basod on the difference of the coefficients of 

15 thermal expansion between the surface elastic wave v 
chip 100 and the wiring substrate 52, which is occurred 
from the thermal stress and the temperature cycle test 
resulting from mounting the lid 51 after the surface elas- 
tic wave chip 100 and the opposing wiring substrate 52 

20 has been joined. Further, the problem of the thermal 
stress is occurred during a temperature cycle test. Due 
to the thermal stress, a connection defective is occurred 
from the bumps iccated at the ends of the chip distant 
from the center. This is because, in the case of FiG. 9. 

25 the stress to the bumps based on the difference of the 
coefficients of thermal expansion between the surface 
elastic wave chip 100 and the wiring substrate 52 
becomes larger as it is apart from the center of the sur- 
face elastic wave substrate, so that the connection 

30 defective is apt to occur a! the bumps 23, 24, 25, 26, 33, 
34, 35, and 36 located at the ends of the surface elastic 
wave chip distant from the center. 
[0009] On the other hand, in the case of the surface 
elastic wave chip in FiG. 10, there were problems which 

35 was similar to that in FIG. 3 and which provided inferior 
moisture resistance property when compared with the 
conventional airtight sealing because the functional sur- 
face of the surface elastic wave chip 100 is protected 
with the adhesive 70 including metal particles and also 

40 which increased the cost due to the increase of the 
processes. In addition, it was difficult to control the 
inpouring range of the adhesive with metal particles for 
the purpose of formation of the space between comb^ 
shaped electrodes and the mounting surface of the wir- 

45 ing substrate. 

[0010] Therefore, the mounting structure of FIG. 10 is 
not desirable. 

[001 1 ] It is an object of the present invention to reduce 
the influence of the stress based on the difference of the 

so coefficients of thermal expansion between a surface 
elastic wave chip and a wiring substrate and provide a 
surface elastic wave device and a method for manufac- 
turing the same which does not produce a connection 
defective due to heat. 

55 [0012] The surface elastic wave device according to 
the present invention is characterized in that, in a sur- 
face elastic wave device having a structure in which a 
surface elastic wave chip is connected to a wiring sub- 
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strate through bumps, a quartz is used for a surface 
elastic wave substrate of the surface elastic wave chip, 
and the bumps are placed within an area of maximum 
3.0 mm x 3.0 mm from a chip center in an aluminum pad 
placed on a functional surface of the surface elastic 5 
wave chip. : ,^ Bs -, 

[0013] Particularly, in this case, it te desirable to 
arrange 1 6 bumps or more within an area of 1 .0-3.0mm 
x 1.0-3.0 mm from the chip center on a surface elastic 
wave chip with a chip size of 4-6 mm x 2-4 mm on an 10 
aluminum pad with a film thickness of more than 6000 < : 
angstroms on a functional, surface of the surface elastic 
wave chip. : . , ... 

[0014] Jn addition, it is desirable to arrange four or , 
more bumps within an area of 0-1 ,0 mm x 0-1 ,0 mm on • 15 
a surface elastic wave chip with a chip size of at least 1 - 
2 mm on an^luminum pad with a film thickness of more 
than 300Q angstroms on a functional surface of the sur- : 
face<efas#pywaye chip, ... t , 

[0015] ... Farther, the ; surface elastic wave, device 20 
according, io tbte , present invention is characterized in 
that, in a surface elastic wave device having a structure - 
in which a surface elastic, wave chip is bonded to a wir- - 
ing substrate-through bumper UTa0 3 is used. for a sur- 
face ^elastic waye substrate of the surface elastic wave 2s 
chip. and the bumps, are arranged within an area of 
maximum 2.5 mm x ; 2.§, mm ,f rom the, chip center on an . . 
aluminurnpad placed on a functional surface of the sur- . : 
face elastic. wavacjiip,. ■■ fi ^v.& * : 

[0016] A Particularly, in IhiSocase, it is desirable to 30 
arrange 16 Qr mpre bumps within an area of 1 .0-2:5 mm 
x 1.0-2.5 mm from the chip center on a surface, elastic, - v 
waveobip witfya chip, size of 2 : 4 mm x 2-4 mm on an 
aluminum pad with a. film thickness of more than 3000 
angstrqms ona fj^cttonalsurface of the surface elastic 35 
wavechip. ., -.v^crv. , . , ■ 
[0017] .. in, addition,, it is desirable to arrange four or 
more bumps within an area of 0-1.0 mm x 0-1.0 mm in a . 
surface elastic wave chip ^having a chip siz^ with one 
side of at least. 1-2 mm on an aluminum pad with a.film 40 
thickness of more than 3000 angstroms on a functional 
surface of the surface elastic waye-ctiip. y, 
[001 8] In the, present invention , a surface elastic wave, 
device, pan eliminate the .reflection from a temperature 
stress generated by ref lowing for soldering the bumps 45 
and the temperature cycle change due to the, environ- 
mental change. This is because the bumps are formed 
by defining s ihe area, the film thickness of the aluminum < . < 
pad, and the number of the bumps corresponding to a > 
chip size of the surface elastic wave chip PV , ;5o 
[001 9] Additionally- in a method for manufacturing the 
surface elastic wave device, a surface elastic wave, chip - ( 
is bonded to a wiring, substrate, through the bumps, 
while the wiring substrate is heated at a higher temper- 
ature than that of the surface elastic .wave chip. This 
takes into account the coefficients of thermal expansion; 
of the surface elastic wave. chip and the wiring sub- — . 
strate, and contributes to the reduction of the residual. 



stress when the temperature lowers to a room tempera- 
ture. 

FIG. 1 is a plan view showing a surface elastic wave 
chip in accordance with one embodiment of the 
present invention; 

FIG: 2 is a cross-sectional view of a surface elastic 
wave device in which the surface elastic wave chip 
of FIG. 1 is mounted; 

FIGS. 3A to 3E are cross-sectional view to help 
explain a method for manufacturing the surface 
elastic wave device of FIG, 2; - 
FIG. 4 is a plan view showing a surface elastic wave 
device in an experimental example in accordance 
with the embodiment of the present invention; 
FIG. 5 is a plan view showing a surface elastic wave 
device in another experimental example in accord- 
ance with the embodiment of the present invention; 
FIG. 6 is a table to explain the surface elastic wave 
chip in accordance with the embodiment of the 
present invention; r< 

FIG. 7 is a table ^4o explain the experimental and 
comparative examples of the surface elastic wave 
chip 4n accordance with the embodiment of the 
present invention;- , t 

FIG, 8 is a plan view showing a conventional sur- 
face elastic wave chip;., 

FIG., 9 is a cross-sectional view of a conventional 
surface elastic wave device; 
FIG. 10 a cross-sectional view of another conven- 
tional surface elastic wave device. 

[0020] Next, the embodiments of the present invention 
will be described in detail in conjunction with the accom- 
panying drawings. 

[0021] FIG. 1 is a plan view showing an embodiment 
of the surface elastic wave chip according to the present 
invention, and FIG. 2 is a cross-sectional view of a sur- 
face elastic wave device in which the surface elastic 
wavechip shown in FIG. 1 is mounted on a wiring sub- 
strate.. In FIG. 1 , the surface elastic wave chip 1 is com- 
posed of a surface elastic wave substrate K1 such as 
quartz and interdigitai transducer electrodes (referred to 
as IDTs) 2, 3 formed on the substrate K1 . The IDTs 2, 3 
have a comb-shaped electrode structure, respectively. 
Further, the IDT 2. has an input electrode pad 4 and 
ground electrode pads G1 , G2, G3, and G4, and the IDT 
3 has an output electrode pad 5 and ground electrode 
pads G5, G6, G7> and <3& Each electrode pad is an alu- 
minum pad. Bumps 10, 10', 11, 11', 12 to 19 (Au, Au/Pd, 
Cu, solder, etc.) are formed in theJnput electrode pad 4, 
the output electrode pad 5,, and each of ground elec- 
trode pads; respectively. * 

[0022] The, difference between the surface elastic 
wave chip 1 of FIG. 1 and the conventional surface elas- 
tic wave chip 100 of FIG, 8 is such that the ground elec- 
trode pads G1 to G8 of. FIG. 1 are.formed from the end 
of the surface elastic waveohip tdward the center of the 
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chip, and the bumps 12 to 19 on each ground eiectrode 
pad are formed at the tip portion of the pad toward its 
center. That is, the bumps 10 to 19 are arranged inside 
of an area B1 (denoted by a broken line) around a chip 
center o1 the surface elastic wave chip 1 . 

[0023] A surface elastic wave device of FIG. 2 was 
obtained such that, after a pad side of a surface elastic 
wave chip 1 was made to face a mounting surface of a 
wiring substrate 52 and bumps 10, 12, and 14 of the 
surface elastic wave chip 1 were electrically and 
mechanically connected to electrode pads 91, 93, and 
94 on the wiring substrate 52, a lid 51 was sealed with 
solder or attached by seam weld on a frame 53. Inciden- 
tally, other bumps of the surface elastic wave chip 1 are 
also connected to other e!ec!rcde pads on the wiring 
substrate. 

[0024] In FIGs. 1 and 2, the embodiment of the 
present invention is characterized in that, when quartz 
is used for the surface elastic wave substrate K1 and 
aluminum is used for the wiring substrate 52, the bumps 
are arranged within a definite area B1 in the aluminum 
pads (the input electrode pad 4, the output electrode 
pad 5, and the ground electrode pads G1 to G8) placed 
on a functional surface of the surface elastic wave chip 
1. In the case of the surface elastic wave chip 1 of FIG: 
1 , although the number of the bumps in the area B1 is 
12, this is only one example. 

[0025] In order to reduce the influence of the stress 
based on the difference of the coefficients of thermal 
expansion between a surface elastic wave chip and a 
wiring substrate and obtain a surface elastic wave 
device which does not produce a connection defective 
due to heat, as a desirable embodiment according to 
the present invention, the area in which bumps were 
formed (the area B1 in FIG. 1), the film thickness of the 
aluminum pads (Al film thickness), the chip size of the 
surface elastic wave chip 1, and the number of the 
bumps to each surface elastic wave substrate were 
defined as shown in FIG. 6. In the case of the embodi- 
ment of the present invention, the relationship of FIG. 6 
does not affect the pattern of the IDT electrodes 2, 3 on 
the surface elastic wave chip. 

[0026] Hereinafter, FIG. 6 will be further described 
with reference to FIGs. 2 and 3. 
[0027] The surface elastic wave device of FIG. 2 is 
characterized in that, when quartz is used for the sur- 
face elastic wave substrate K1 (FIG. 1) and aluminum is 
used for the wiring substrate 52, the bumps (the bumps 
10 to 19 in FIG. 1) are arranged within the area (tha 
area B1 in FIG. 1) of maximum 3.0 mm x 3.0 mm from 
the chip center in the aluminum pads (the input elec- 
trode pad 4, the output electrode pad 5, and the ground 
electrode pads G1 to G8) placed on the functional sur- 
face of the surface elastic wave chip 1. The chip size of 
the surface elastic wave chip is generally less than 6 
mm x 4 mm, so that the chip size of 3.0 mm x 3.0 mm 
indicates the maximum area in which the bumps are 
arranged in that case. 



[0028] In the embodiment of the present invention, a 
plurality of bumps may be formed on one electrode pad. 
[0029] This will be further, specifically described in the 
relation of the area in which the bumps are formed, the 

5 film thickness of the aluminum pads (Al film thickness), 
the chip size of the surface elastic wave chip 1 , and the 
number of the bumps. In the first embodiment according 
to the present invention, quartz is used for the surface 
elastic wave substrate K1 and aluminum js used for the 

io wiring substrate 52, and the surface elastic wave chip 1 
with a chip size of 4-5 mm x 2-4 mm is used, in this 
case, 16 or more bumps are arranged within an area of 
1 .0-3.0 mm x 1 .0-3.0 mm (a square or rectangular area) 
from the center of the surface elastic wave chip on an 

15 aluminum pad with a film thickness of more than 6000 
angstroms on the f unctional surface of the sunace elas- 
tic wave chip. 

[0030] In the second embodiment according to the 
present invention, when quartz is used for the surface 

20 elastic wave substrate K1 and aluminum is used for the 
wiring substrate 52, and the surface elasric wave chip 1 
having a chip size with one sida of at least 1-2 mm is 
used, four or more bumps are arranged within an area 
of 0-1 .0 mm x 0-1 .0 mm on an aluminum pad with a fiim 

25 thickness of more than 6000 angstroms positioned on 
the functional surface of the surface elastic wave device. 
[0031 ] On the other hand, when LiTa0 3 (Lithium That • 
Hum Oxide) is used for the surface elastic wave sub- 
strate K1 and aluminum is used for Ihz wiring substrate 

30 52, the bumps are arranged within an area of 2.5 mm x 
2.5 mm from the chip center on an aluminum pad posi- 
tioned on the functional surface of toe surface elastic 
wave chip. 

[0032] Specifically, in the third embodiment according 
35 to the present Invention, when LiTa0 3 is ussd for the 
surface elastic wave substrate K1 and aluminum is used 
for the wiring substrate 52 and the surface elastic wave 
chip 1 with a chip size of 2-4 mm x 2-4 mm is ussd, 15 
or more bumps are arranged wsthip an area of 1.0-2.5 
40 mm x 1 .0-2.5 mm from the chip center on an aluminum 
pad with a film thickness of more than 3000 angstroms 
positioned on the functional surface of the surface elas- 
tic wave chip. 

[0033] In the fourth embodiment according to the 
45 present invention, when LITa0 3 is used for the surface 
elastic wave substrate K1 and aluminum is used for the 
wiring substrate 52 and the surface elastic wave chip 1 
having a chip size with one side of at least 1 -2 mm is 
used, four or more bumps are arranged within an area 
50 of 0-1 .0 mm x 0-1 .0 mm on an aluminum pad with a film 
thickness of more than 3000 angstroms positioned on 
the functional surface of the surface elastic wave chip. 
[0034] According to the above-mentioned embodi- 
ments, the influence of the stress based on the differ- 
55 ence of the coefficients of thermal expansion between 
the surface elastic wave chip and the wiring substrate 
can be reduced and the surface elastic wave device 
which does not produce a connection defective due to 
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heat can be obtained. Incidentally, glass-ceramic can be 
used for the wiring substrate as well instead of alumi- 
num. 

[0035] Next, a preferable method for manufacturing 
the surface elastic wave device in FIG. 2 will be s 
described with refe/ence to FIG. 3. 
[0036} Firstly, fcumps„(Au, Au/Pd, Cu, solder, etc.) 10 
to 1 9 are formed in aluminum pads constituted within a 
definite range (the»area Br io FJG. 1) in the surface elas- ; 
tic wave substrate: K1> (FIG. 3A) (FIG. 3B). : . ■ w 

[0037] When a quart2 with a chip size of 4-6 mm x 2-; . 
4 mm is used for the. surface elastic wave substrate Kl , 
the bumps : ar,effcinmed,withjn the area B,1 of maximum 
3.0 mm-x 3»Q. mnMcom Jhe chip center. Next^ a func-s . : 
tional surface including the< pads and a? mounting sur- 
face Qf Jhe ^rjng substrate 52 (aluminum or glassy 
ceramic) are made to face to bond the pads of the wiring 
substrate £2 r and the bumps 40 to 19 (FIG 3G). r\ 
[003jB}^; During bonding, while the surface elastic-wave 
chip J is heajed to a temperature of 200. degrees C to 
250 degrees, Qan&the wiring substrate .52 is heated to ; 
a temperature pi, 350 degrees C to 50Q : degrees <h . *** 
highe^thartthat.of the tbrmeiYrtfcey are pressurized and* 
held fon a given period of time. ~ — o 
[0039], Further, -there ig ^method such that, in order-to > 26 
improve thevr^Jiability, the wiring substrate 52 is heloi 9 
below r< 200 degrees C a*nd the surface elastic wave chip.. 
1 is held at a/roomJenperature (20 to>25 degrees C).- , 
and they aKe^pressMrizedrw^e^he, ultrasound wave is,- 
applied to them? ^ : : ! : "v*.?-* - , ,<: - J 30 

[0040]. In .either ^oase, the -seHing-of the heating tem- 
perature takes the coeff icjents pf v thermal expansion of < 
the surface elastic wave chip and the wiring substrate^ 
into Gor^deraftorv and: contributes to the reduction fof 
the r^sidualjsjrsss when the .temperature lowers to the 35 
rcorr^ier^peratwe^, .. • - . t :x z • ... , 

[004* ] ,. T^en, in order to- prevent the corrosion of the: 
IDT electrodes 2,3 incrudinga lot of aluminum, the air- 
tight sealing is performed^y seam weld or soldering 
seal of the lid 51. ..... 40 

[0042}- r On the other hand, in FIG. 3B, when?UTa0 3 
with a. chip size of 2-4 mm x-2-4 mrrj is used for the sur,- ■ 
face elastic wave substrate K1 , the bumps are formed 
within an area of maximum 2.5 mm x 2.5 mm from the 
chip center. In addition, .during bonding as: rshown, in 45 
FIG. 3p, (While the surface, elastic wave chip- 1 is heated 
to a temperature of 200 ..degrees C to 250 degrees C 
and the wjring substrate 52 Js heated to a temperature, 
of 350 degrees G to ^po^degrees.jQ, higher than that of 
the former, they are pressurized. ., 1 so 

[0043] Then. Jn order to prevent the corrosion of the 
IDT electrodes 2, 3 including a lot .of aluminum, the-ai*- 
tight sealing is performed by .seam weld . ; or soldering 
seal of the lid 51 : < : , 

[0044] Next experimental examples and comparative 55 
examples will be described using FIGs. 4/ 5,. and 7. Jn 
FIGs. 4 and 5, the surface .elastic wave substrate K1 
made of quartz with high coefficient of thermal expan- 



sion is used, and a plurality of bumps 102 of solder or 
Pb are formed on pseudo aluminum pads 101. The 
position of the bumps 1 02 are simulated to the actual 
bumps 10 to 19 of the surface elastic wave chip 1 shown 
in FIG. 1 . The formation ranges of the bumps are differ- 
ent between FIGs. 4 and 5. The experimental surface 
elastic wave Ghips shown in FIGs. 4 and 5 were flip chip 
mounted, op. the> wiring substrate 52 as shown in FIG. 2. 
Thereafter, reliability testing will be executed. 
[0045] ~ FIG. 7 is the result of confirmation of the junc- 
tion condition for every process. In the reliability assess- 
mentpirocesses, a reflow test at 250 degrees C and a 
temperature cycle test which repeated one cycle for 50, 
100, and 200;times*were executed. The cycle is defined 
such. thai after a temperature is lowered down from a 
room temperature to -55 degrees C and then it is risen 
up to 85 degrees C it is returned back to the room tem- 
perature. . The result is. expressed by normal 
number/assessment' sample number. 



(Experimental example 1) As a result of forming 16 
bumps in an aluminum pad with a chip size of 4 mm 
x tf,5..mm, afilm thickness of 7000 angstroms, and 
a bump area of 2.5 mm x 2.5 mm, no junction failure 
Occurred in the reflow test and the temperature 
cycle test. That is, the reliability can be secured by 
forming the bumps in an area in which the thermal 
stress applied to a junction Is less affected in the 
processes after the jnount process. 

(Experimental example 2) As a result of forming 24 
bumps in an aluminum pad with a chip size of 6 mm 
x tJ5 mm, a film thickness of 7000 angstroms, and 
a bump area of 2.5 mm x 2.5 mm, no junction failure 
occurred in the reflow test and the temperature 
cycle test. 

(Comparative example 1) As a result of forming 24 
bumps in an aluminum pad with a chip size of 6 mm 
x 1.5 mm, a film thickness of 5000 angstroms, and 
a bump area of 2.5 mm x 2.5 mm, some junction 
failures occurred in the reflow test and the tempera- 
ture cycle test. The failures occurred because the 
film thickness of the aluminum pad was thinner than 
6000 angstroms. 

(Comparative example 2) As a result of forming 16 
bumps in an aluminum pad with a chip size of 6 mm 
x 1;Smm, a film thickness of 5000 angstroms, and 
a bump area of 1,5 mm x 1 .5 mm, smaller than that 
of comparative example 1, some junction failures 
occurred in the temperature cycle test. The failures 
occurred because the film thickness of the alumi- 
num pad was thinner than 6000 angstroms. 

(Comparative example 3) As a result of forming 8 
bumps in an aluminum pad with a chip size of 6 mm 
x 1 .5 mm, a film thickness of 7000 angstroms, and 
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a bump area of 1 .5 mm x 1 .5 mm, smaller than that 
of comparative example 1 , some junction failures 
occurred in the temperature cycle test. The failures 
occurred because the numoer of the bumps was 
smaller than 16. 

[0046] When a bump area is 1.0-3.0 mm x 1.0-3.0 
mm, if the number of the bumps is smaller than 16, the 
junction failure may occur in either assessment. 
[0047] The above description related to a surface 
elastic wave substrate made of quartz, however, in the 
case of LiTa0 3 , junction failures were confirmed in a 
bump number, a film thickness, and a bump area other 
than the third and fourth embodiment of the present 
invention. 

[0048] In this way, the embodiments of the present 
invention can prevent the junction failure of the bumps 
due to the temperature change and the thermal stress 
by totally influencing not only the bump area but also the 
film thickness of the aluminum pad and the number of 
the bumps. 

[0049] As explained above, according to the present 
invention, by defining an area in which bumps are 
formed to a chip size of a surface elastic wave sub- 
strate, an influence of the stress based on the difference 
of the coefficients of thermal expansion between the 
surface elastic wave chip and the wiring substrate can 
be reduced and also the surface elastic wave device 
and the method for manufacturing the same which do 
not produce a connection defective due to heat can be 
obtained. 

[0050] According to the present invention, by defining 
an area in which bumps are formed, a film thickness of 
an aluminum pad (Al film thickness), the chip size of the 
surface elastic wave chip 1, and the number of the 
bumps to a surface elastic wave substrate of quartz or 
LiTaOs. an influence of the stress based on the differ- 
ence of the coefficients of thermal expansion between 
the surface elastic wave chip and the wiring substrate 
can be reduced and also the surface elastic wave 
device and the method for manufacturing the same 
which do not produce a connection defective due to 
heat can be obtained. 

Claims 

1 . A surface elastic wave device having a structure in 
which a surface elastic wave chip is connected to a 
wiring substrate through bumps, the surface elastic 
wave device is characterized in that, 

said surface elastic wave chip has a quartz 
surface elastic wave substrate, a elastic wave gen- 
erating electrode placed on said quartz surface 
elastic wave substrate, and aluminum pads con- 
nected to said elastic wave generating electrode, 
and the bumps are placed on said aluminum pads 
within an area of maximum 3.0 mm x 3.0 mm from 
a chip center of said surface elastic wave chip. 



2. The surface elastic wave device according to claim 
1, characterized in that, 16 or more bumps are 
arranged within an area of 1.0-3.0 mm x 1.0-3.0 
mm from the chip center in said surface elastic 

5 wave chip having a chip size of 4-6 mm x 2-4 mm 
on said aluminum pads with a thickness of more 
than 6000 angstroms. 

3. The surface elastic wave device according to claim 
10 1, characterized in that, four or more bumps are 

arranged within an area of 0-1 .0 mm x 0-1 .0 mm in 
said surface elastic wave chip having a chip size 
with one side of at least 1-2 mm on said aluminum 
pads with a thickness of more than 6000 ang- 
is stroms, 

4. A surface elastic wave device having a structure in 
which a surface elastic wave chip is connected to a 
wiring substrate through bumps, the surface elastic 

20 wave device is characterized in that, 

said surface elastic wave chi0 has a UTa0 3 
surface elastic wave substrate, a elastic wave gen - 
erating electrode placed on said LiTa0 3 surface 
elastic wave substrate, and aluminum pads con- 

25 nected to said elastic wave generating electrode, 
and the bumps are placed on said aluminum pads 
within an area of maximum 2.5 mm x 2.5 mm from 
a chip center of said surface elastic wave chip. 

30 5. The surface elastic wave device according to claim 
4, characterized in that, 16 or more bumps are 
arranged within an area of i .0-2.5 mm x 1.0-2.5 
mm from the chip center in said surface elastic 
wave chip having a chip sizs of 2-4 mm x 2-4 mm 

35 on said aluminum pads with a thickness of more 
than 3000 angstroms. 

6. The device according io claim 4 or 5, characterized 
in that, four or more bumps are arranged within an 
40 area of 0-1 .0 mm x 0-1 .0 mm in said surface elastic 
wave chip having a chip size with one side of at 
least 1-2 mm on said aluminum pads with a thick- 
ness of more than 3000 angstroms. 

45 7. The device according to any one of claims 1 to 6, 
characterized in that said elastic wave generating 
electrode is an interdigital transducer electrode, 
and said aluminum pads are connected to said 
interdigital transducer electrode and positioned in 

so the direction of the chip center. 

8. The device according to any one of claims 1 to 7, 
characterized in that said bumps includes a plurality 
of bumps which are placed on one pad of said alu- 

55 minum pads. 

9. A method for manufacturing a surface elastic wave 
device having a structure in which a surface elastic 
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wave chip having a quartz surface elastic wave sub- 
strate and aluminum pads placed on said quartz 
surface elastic wave substrate is connected to a 
wiring substrate through bumps, comprising the 
steps of, 5 

arranging 16 or more bumps within an area 
of 1.0-3.0 mm x 1.0-3.0 mm from a chip center in 
said surface elastic wave chip with a chip size of 4- 
6 mm x 2-4 mm on said aluminum pads with a thick- 
ness of more than 6000 angstroms on a functional w 
surface of said, quartz surface elastic wave sub: 
strateand, . ,, . .. t . ... 

heating said wiring substrate at a higher 
temperature than thaj.pf said, surface elastic wave 
chip, to bond said surface elastic wave chip to said 15 
wiring substrate through said bumps. 

1 0. A method for- manufacturing a surface .elastic wave 
device haying a structure in which a. surface elastic 
wave chip having a quartz surface elastic wave sub- 20 
strate ancf. aluminum, pads placed .on said quartz 
surface eJas^c -wave .substrate is connected to >a 
wwg :substrate througji .bumps, comprising the 

StepS Of,;: r .»*•.>•>!,;".: .->... ... r 

-j, . arranging ljB.nor more bumps within an area^ 25 
of : %, 0-3.0 mm 4 x 1 .0-3.0 mm, from a,.chip center in 
said surface, elastic wave chip having a chip size 
with one, jsidje of at leasj l^-mtn on said aluminum 
pads with a thickness of more than 6000 angstroms 
on a f uncjionai syrface plsajd, quartz, surface elas- 30 
tic wave-subslcate andi ■(;-■ ; , r 

heatjng said wiring substrate at a higher 
temperature than that of said surface elastic wave 
chip,;tq:bono! saidsurface elastic wave chip to said 
wiring sulfate through said bumps. . - 35 

1 1. A method for manufacturing a surface elastic wave 
deyice ; having a structure ijvwhiefr a surface elastic 
wave chip paving-- a LiTa0 3 surface elastic wave 
substrate and aluminum pads placed on said 40 
LiTa0 3 surface elastic wave; substrate is connected 

to a .wiring substrate through . (bumps, -comprising 
the steps of, ^ rr . ~ s : . ... 

arranging 16 or more bumps within an area 
of 1.0-2.5 rnrn x 10-2.5 mm from a chip center in 4S 
said surface elastic wave chip with a chip size of 2- 
4 mm x 2-4 mm on said aluminum pads with a thick- 
ness of more than 300p angstroms on a functional 
surface of «aid ; yTa0 3 . 5 surface elastic wave sub- 
strate and, ~- so 

heating said wiring substrate at a higher 
temperature than that erf said- surface elastic wave 
chip, to bond said surface elastic, wave chip to said 
wiring substrate through said jDumps. ^ . - . 

-•• .- • 55 

1 2. A method for manufacturing a surface elastic wave 
device having a structure in which a surface elastic 
wave chip having a UTaOa, surface elastic wave 
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substrate and aluminum pads placed on said 
UTaC>3 surface elastic wave substrate is connected 
to a wiring substrate through bumps, comprising 
the steps of, 

arranging four or more bumps within an area 
of 0-1 .0 mm x 0-1 .0 mm from a chip center in said 
surface elastic wave chip with one side of at least 1 - 
2 mm on said aluminum pads with a thickness of 
more than 3000 angstroms on a functional surface 
of said LiTaQ 3 surface elastic wave substrate and, 

heating said wiring substrate at a higher 
temperature than that of said surface elastic wave 
chip r tQ bond said surface elastic wave chip to said 
wiring substrate through said bumps. 

. :»w '•■ . i w ... '■: 

' .*r - ■ • -. 

; » • ' 

' . ' . -O * 
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(57) A surface elastic wave device is provided in 
which an influence of the stress based on a difference of 
the coefficients of thermal expansion between the sur- 
face elastic wave chip and a wiring substrate is reduced 
and a connection defective due to heat is prevented. 
When quartz is used for a surface elastic wave sub- 
strate (K1 ) and aluminum is used for the wiring sub- 
strate (52), the surface elastic wave device is 
characterized in that bumps are arranged within a defi- 



nite area (B1) in aluminum pads (input electrode pad 
(4), output electrode pad (5), and ground electrode pads 
(G1 to G8)) placed on a functional surface of the surface 
elastic wave chip (1). According to the present inven- 
tion, an area in which the bumps are formed, a film 
thickness of an aluminum pad (Al film thickness), the 
chip size of the surface elastic wave chip (1), and the 
number of the bumps are defined to a surface elastic 
wave substrate of quartz or LiTaC>3. 
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